Fire is an important structuring force for grassland ecosystems. Despite increased incidents of fire in European steppes, their impact on arthropod communities is still poorly studied. We assessed short-term changes in cursorial beetle and spider assemblages after a summer fire in the meadow steppe in Central European Russia. The responses of spider and beetle assemblages to the fire event were different. In the first post-fire year, the same beetle species dominated burnt and unburnt plots, the alpha-diversity of beetle assemblages was similar, and there were no pronounced changes in the proportions of trophic groups. Beetle species richness and activity density increased in the second post-fire year, while that of the spiders decreased. The spider alpha-diversity was lowest in the first postfire year, and the main dominants were pioneer species. In the second year, the differences in spider species composition and activity density diminished. The main conclusion of our study is that the large-scale intensive summer fire caused no profound changes in cursorial beetle and spider assemblages of this steppe plot. Mitigation of the fire effect is explained by the small plot area, its location at the edge of the fire site and the presence of adjacent undisturbed habitats with herbaceous vegetation.
Introduction
Fire is a ubiquitous natural disturbance, which plays a key role in the maintenance of many landscapes. Humans have always coexisted with natural fires and used prescribed burning (Bowman et al. 2009 , Archibald et al. 2012 , Deák et al. 2014 . Controlled fires are recommended as a conservation tool for the maintenance of biodiversity (Richards et al. 1999 , Orgeas & Andersen 2001 , Parr & Chown 2006 , while anthropogenic uncontrolled fires cause harm to human health, result in economical losses and affect biodiversity (Bowman et al. 2009 , Chibilev 2014 , Deák et al. 2014 .
Every fire leaves an imprint on the landscape, and the numerous variables that influence fire behavior can generate unpredictable consequences (New 2014) . Besides the five key characteristics of the fire regimes of size, frequency, intensity, season and extent (Bond & Keele 2005 , Archibald et al. 2012 , it is also necessary to consider the type of ecosystem, local microclimatic conditions at the fire site, meteorological conditions in the pre and post-fire period and the surrounding habitat mosaic, for instance (Kitzeberg et al. 1999 , Chuvieco et al. 2008 , Sackmann & Farji-Brener 2006 . Therefore, despite numerous studies that describe various fire cases and/or analyze general regularities within continents or ecosystems, the impacts of fire on different biota components is still not fully understood (Chuvieco et al. 2008 , Griffiths & Brook 2014 , Chibilev 2014 . Most of the conclusions and recommendations for fire management are based on vegetation studies within a framework intended primarily to maintain plant diversity. Animal populations are not taken into consideration because of information gaps (Parr & Chown 2003 , Griffiths & Brook 2014 , New 2014 .
Fire can increase, decrease, or have no effect on arthropod diversity (Swengel 2001 , Sackmann & Farji-Brener 2006 , Cook & Holt 2006 . These effects depend on characteristics of both the fire and the species' capacity to tolerate disturbance and adapt to post-fire conditions (New 2014) . Within the same taxa, there can be species with different ecological requirements and, consequently, different responses to the fire event. Invertebrate species that are associated during some stages of their life cycle with litter or dead stems are particularly vulnerable. The recovery of their numbers and species composition in grassland ecosystems may extend over several years (Swenge 1996 , Panzer 2002 , Vogel et al. 2010 , Polchaninova 2015 . Mobile epigeic arthropods colonize fire sites faster (Panzer 2002 , Prishutova & Arzanov 2004 , Savchenko 2009 ) but exhibit changes in trophic structure (Guseva & Bogach 1988) , ecological group proportions (Savchenko 2009 , Prokopenko & Savchenko 2013 or deep changes in assemblage composition (Nemkov & Sapiga 2010 , Robinson et al. 2013 , Kwok & Eldridge 2015 , Polchnainova 2015 . The latter occurs in the case of repeated catastrophic fires of large areas with no refuges for small animals.
As many taxa as possible should be included in the analysis of the effects of fire on arthropod assemblages in order to better understand the complex ecological interactions involved and minimize the risk of making general statements based on studies of a limited number of taxa (Prodon et al. 1987) . Spiders and beetles are the most abundant orders of ground-dwelling arthropods in dry grassland communities (Sumu et al. 2010) . Only in some cases are they less abundant than ants (personal observations). Both orders include species with a variety of habitat preferences, and differences in trophic ecology. Thus, they can serve as a good model for studying the impact of disturbance on steppe ecosystems. The aim of our research is to investigate short-term changes in cursorial spider and beetle assemblages after a summer fire at a small isolated plot of meadow steppe.
Methods
The research was carried out in the "Galich'ya Gora" Nature Reserve (Lipetsk Region, Russia) located in the east of the Central Russian Upland (Figure 1 ). The area in question lies in the centre of the Middle Russian ForestSteppe, at the border of its northern and southern sub-15/2 • 2016, 113-132 115 N. Polchaninova, M. Tsurikov, A. Atemasov Effect of summer fire on cursorial spider (Aranei) and beetle (Coleoptera) assemblages in meadow steppes of Central European Russia zones (Aleksandrova 1992) . The sample plots were located at the Morozova Gora (52°35'51.83"N, 38°55'27.62"E) and Galich'ya Gora (52°36'4.01"N, 38°55'4.22"E) sites, which are parts of the Reserve. The total area of the first site is 100 ha, of which meadow steppe occupies 10 ha, and the area of the second site is 19 ha, including eight hectares of steppe (Figure 2) . At both sites, steppe habitats adjoin shrub thickets, oak stands and/or a small pine plantation. The average daytime temperature of the east-facing limestone riverbank at the Galich'ya Gora site and its vicinity is higher than that on the west-facing riverbank at the Morozova Gora (Skufyin 1978) .
The feather-grass -forb steppe at the Morozova Gora is dominated by Bromopsis inermis (Leyss.) Holub, Poa angustifolia L., Galium verum L., Fragaria viridis Duch., Stipa pennata L., Hieracium virosum Pall., Carex humilis Leyss., Calamagrostis epigeios (L.) Roth, and Elytrigia intermedia (Host) Nevski. At the Galich'ya Gora, S. pennata L., S. capillata L., P. pratensis L., Potentilla arenaria Borkh., C. praecox Schreber are dominants of the feathergrass -forb steppe, while Melica transsilvanica Schur, P. angustifolia L., Calamagrostis epigeios (L.) Roth, Spiraea crenata L., Cerasus fruticosa Pall. and Chamaecytisus ruthenicus (Fischer ex Wołoszczak) Ktásková prevail in the shrub steppe (Nedosekina et al. 2009 ).
On 29 July 2010, an uncontrolled anthropogenic fire, with its origin in adjacent agricultural fields, burnt nearly the whole Morozova Gora site (Figure 3 ). Galich'ya Figure 2 : Location of the sample plots in the "Galich'ya Gora" Reserve. Burnt steppe -feather-grass -forb steppe at the Morozova Gora site; unburnt steppe 1 -feather-grass -forb steppe at the Galich'ya gora site, unburnt steppe 2 -shrub steppe at the same site; the red lines -transects of pitfall traps. Slika 2: Lokacije vzorčnih ploskev v rezervatu "Galičija Gora". Požgana stepa -stepa z bodalico in zelišči na lokaciji Morozova Gora; nepogorela stepa 1 -stepa z bodalico in zelišči na lokaciji Galičija Gora, nepogorela stepa 2 -stepa z grmišči na isti lokaciji; rdeča črta -transekt s talnimi pastmi. Gora, which is located on the opposite bank of the river, remained unaffected by the fire. We studied the recovery of the cursorial spider and beetle assemblages in the first (2011) and second (2012) post-fire years. A transect of 10 traps, inserted at 10 meter intervals, was established in the burnt feather-grass -forb steppe at the Morozova Gora 'ya Gora, 25 th May 2011, unburnt control-1, feather grass -forb steppe. Slika 5: Galičija Gora, 25. 5. 2011, nepogorela kontrola-1, stepa z bodalico in zelišči.
N. Polchaninova, M. Tsurikov, A. Atemasov Effect of summer fire on cursorial spider (Aranei) and beetle (Coleoptera) assemblages in meadow steppes of Central European Russia site (Figure 2 , 4) and, as a control, in the feather-grass--forb steppe ( Figure 5 ) and shrub steppe ( Figure 6 ) at the Galich'ya Gora site (subsequently referred to as burnt plot, control-1 and control-2 plots). The distance between the burnt and unburnt plots was about 1.5-1.9 km (Figure 2) .
The pitfall traps comprised plastic cups of 6.5 cm diameter containing 4% formalin as a fixative. The traps were emptied approximately once a month during the periods 24. 05-29.07.2011 and 26.04-4.08.2012 . During the two years, a total of 1998 beetles and 424 spiders were collected at the burnt plot, 1430 beetles and 355 spiders at the control-1, and 2191 beetles and 498 spiders at the control-2.
When comparing the data of 2011 and 2012, we excluded the material collected during 26. 04-28.05.2012 , as in the previous year no data was obtained during that period. We did use these samples for the assemblage comparison in 2012. Juvenile specimens of the ground-dwelling spiders cannot be identified to the species level; therefore we excluded them from the comparison of species diversity but included them in the assessment of spider activity density.
In terms of food preferences of the beetle imagos, we distinguished eleven guilds: zoophagous, zoo-phytophagous, necro-zoophagous, phytophagous, sapro-phytophagous, phyto-saprophagous, saprophagous, mycetophagous, necrophagous, coprophagous, lichenophagous (after Vassiliev 1987 , Dedyu 1990 , and a group of unknown feeding-type.
Relative abundance was estimated using the Southwood rating scale: superdominants > 20%, dominants 10.1-20%, subdominants 5.1-10% and recedents < 5% (Southwood 1978) . Superdominants and dominants comprised a dominant complex. The alpha-diversity of the spider and beetle assemblages was assessed by the method of multifractal analysis, which combines information on various aspects of ecological diversity. An advantage of this method is its sensitivity, which facilitates the identification of structural features of communities with similar information indices, in particular, the diversity indices (Gelashvili et al. 2013) . Graphic interpretation of this method represents the proportion of species in the arthropod assemblages at each study plot along the x-axis and the species diversity of each assemblage along the y-axis. The left branch of the spectrum characterizes presence, and/or ratio, of dominant species in the community, while the right branch characterizes rare species. The spectrum-width reflects the degree of contrast between rare and dominant species (Gelashvili et al. 2012 ).
We applied Detrended Correspondence Analysis (DCA) (Hill & Gauch 1980) to determine the differences between spider and beetle assemblages at the burnt and unburnt plots in the two post-fire years. The ordination was performed in the program PAST 3.4 (Hammer et al. 2001 ). 
Results
Beetle species richness and abundance Fifty-six beetle species from 16 families were recorded in the first post-fire year from the Morozova Gora site (Appendix, Table 1 ). The families Carabidae (21 species) and Curculionidae (eight species) were the most species-rich. The former family also dominated in number of individuals (252 specimens), while Tenebrionidae was the second most abundant (137 specimens). Three dominant species, Harpalus rufipes (Carabidae), Dermestes laniarius (Dermestidae) and Crypticus quisquilius (Tenebrionidae), comprised altogether 49% of the collected beetles (Figure 7) .
At the Galich'ya Gora site, 51 beetle species from 14 families were recorded from the unburnt control-1, and 103 species from the unburnt control-2 (Appendix, Table 1). At the former plot, the species richness of the Carabidae and Curculionidae was nearly equal (15 and 13 species, respectively), the number of individuals of the Tenebrionidae was slightly larger than that of the Carabidae (135 vs. 113 specimens). The dominant complex included the same three species as at the burnt plot (Figure 7) , their relative abundance reaching 57% of the total number of individuals (1005). At the second plot, the proportion of Carabidae and Curculionidae species was similar to that of the burnt plot (22 vs. 9); the families Silphidae (186) and Carabidae (172) prevailed in individual numbers. In the dominant complex, Silpha obscura replaced Crypticus quisquilius (Figure 7) , and the relative abundance of dominant species increased to 67%.
In May-June 2012, the beetle assemblage of the burnt plot was represented by 62 species from 17 families. The Carabidae and Curculionidae abundance increased to 21-22 species each. The Tenebrionidae reached extremely high numbers (527 specimens) because of the predominance of Crypticus quisquilius (57.9% of total individuals). The Carabidae numbered only 123 individuals.
During the same period, 54 beetle species from 16 families were recorded from the control-1 and 103 species from 25 families from the control-2 plots at Galich'ya Gora. At the first plot, the family Carabidae included 17 species and the Curculionidae 10 species; at the second plot, these families numbered 22 and 21 species, respectively. Two tenebrionids, Oodescelis melas (14%) and Crypticus quisquilius (27.8% of total individuals), comprised the dominant complex (Figure 7) , and in general, the tenebrionids were more abundant (161 specimens) than the carabids (64 specimens). The second control plot, as in the previous year, was dominated by Silpha obscura (26%) and Dermestes laniarius (12.8%), but the third dominant, Urometopus nemorum (10.6%), was new to the complex. Two families, Silphidae and Curculionidae, were the most abundant in individual numbers (231 and 153, respectively).
Early spring pitfall-trapping in 2012 contributed 28 species to the list of beetles at the burnt plot, 44 species at control-1, and 32 species at control-2. Opatrum sabulosum (22-30.7% of total individuals), Dermestes laniarius (22.5-38%) and Oodescelis melas (12.1-19.7%) dominated at both burnt and control-1 plots. At control-2, there were only two dominants, D. laniarius (38.3%) and S. obscura (17.1%).
April-May 2012 was a period of peak beetle activity in terms of both species (51-77 species, depending on the plot) and individuals (180-219 individuals/100 trapdays) (Figure 8 ). Apart from this period, the beetle activity density at the burnt plot was higher than that at control-1. The average activity density in May-August 2011, 2012 was as follows: 96.2, 65.4, and 99.4 individuals/100 trap-days at the burnt, control-1 and control-2 plots respectively in 2011, and 117.1, 51.2, and 124.4 individuals/100 trap-days in 2012. The curve of species richness in the graph was similar at the three studied plots until May 2012, after which it dropped at both the burnt and control-1 plots, and gradually decreased at the control-2. At the burnt plots, there was only one marked peak of seasonal species richness, while at the burnt plot there were three peaks. The multifractal analysis shows that in 2011 the alphadiversity of beetle assemblages was similar at the three studied plots (Figure 9 ). In 2012, the diversity slightly increased at the unburnt plots and decreased at the burnt one. The DCA revealed little difference between the beetle assemblages for 2011 and 2012 at control-1 ( Figure 10 ). Annual differences at the burnt plot and control-2 were much higher; the beetle assemblage for 2012 of the control-2 stands apart from the other assemblages along both axes. 
Trophic guilds of beetles
According to their feeding preferences, the collected beetles belonged to 11 guilds, of which the phytophagous and zoophagous guilds were the most species-rich ( Figure 11 ). The number of phytophagous species did not change during the study years at the burnt plot and control-1, but more than doubled in 2012 at control-2, due to an increase in Curculionidae and Chrysomelidae species.
group at control-2. The proportion of phytophagous beetles increased from 20% in 2011 to 40% in 2012, due to the increase in the numbers of Sermylassa halensis, Urometopus nemorum and Stomodes gyrosicollis, while the zoophytophagous group decreased from 23% to 6% because of a decline in Harpalus rufipes.
Spider species richness and abundance
In the first post-fire year, the spider assemblage at the Morozova Gora site was represented by 21 species from seven families (Appendix, Table 2 ). The most speciose Gnaphosidae included eight species, and the Lycosidae four species. The lycosids were also the most numerous, as the two superdominant species, Xerycosa minita and Alopecosa trabalis, belonged to this family. The third species of the dominant complex, Haplodrassus signifer, belonged to the Gnaphosidae (Figure 12 ), and together these comprised 73.3% of spiders in this habitat.
During the same year, 20 spider species from nine families were recorded at control-1, the families Lycosidae and Gnaphosidae were the most species-rich (six and five species, respectively). The dominant complex included only lycosids (Figure 12 ), and comprised 51% of the total number of individuals. At control-2, spider species composition was richer (32 species from ten families), the Gnaphosidae numbered nine species and the In terms of proportions of individual numbers, the zoophytophagous guild decreased from 33% to 10% at the burnt plot in 2012 because of a decrease in numbers of Harpalus anxius, H. rubripes and H. rufipes. The increase in numbers of Crypticus quisquilius (Tenebrionidae), a sapro-phytophagous beetle, resulted in a higher representation of the "other species" group in 2012 (Figure 11) . Dermestes laniarius, a species with unknown trophic preference, was also abundant in this group. The same annual changes in the guild proportions were observed at the unburnt control-1. In both years, the dominating Silpha obscura generated a high abundance of the necrophagous Lycosidae eight species. Alopecosa trabalis was a prevailing superdominant, comprising 37.6% of the spiders in the habitat, and A. sulzeri constituted 11% (Figure 10 ). The dominant complex included only these two species.
In late May -early August of the second post-fire year, we collected only 13 spider species from the burnt plot. The dominant complex consisted of juvenile specimens of Lycosidae and Gnaphosidae ( Figure 12) ; the most abundant species were Alopecosa accentuata, A. cuneata, and Haplodrassus signifer. At control-2, the species composition also decreased (22 species), while at control-1 it remained at the same level as in the previous year (21 species). Both plots were dominated by juvenile lycosids (Figure 12 ). Adult Xysticus robustus (Thomosidae) prevailed at the first plot, while Alopecosa trabalis (Lycosidae) was abundant at the second one.
The April-May sampling in 2012 added six species at the burnt plot. Alopecosa accentuata (43% of all individuals), Thanatus formicinus, Asianellus festivus and young Salticidae (8% each) were the most abundant species in the spring spider assemblage. Four additional species were found at control-1, and six species at control-2. Both plots were dominated by lycosids only: A. accentuata and A. cuneata (27% each) at the first plot, and A. cuneata (28%), A. trabalis (24.8%) and A. accentuata (14.7%) at the second one.
During the sampling period, the seasonal dynamics of the spider assemblages had a peak of species richness in May-June 2011 (Figure 13) . Moreover, at this time the difference between the number of spider species at the burnt and both unburnt plots was the highest. In general, the curve of species richness at the burnt plot was smoother and lower than that at the unburnt plots. Spider activity density demonstrated similar seasonal changes at all three plots, having a maximum in April-May 2012. In June-July 2011 and April-May 2012, spider abundance was highest at the burnt plot, and only in one case was it lower than at control-1. Spider activity density in May-July 2011 was 32.2, 22.3, and 30.5 individuals/100 trap-days at the burnt, control-1 and control-2 plots, respectively, and in May -early August 2012 it was 12.5, 10.8, and 21.5 individuals/100 trap-days. 2016, [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] In 2011, the spider alpha-diversity at the burnt plot was lower than that at both the unburnt plots (Figure 14) . Control-1 was characterized by the highest evenness of the spider assemblage. A number of rare species inhabited all the studied plots; their number was lowest at the burnt plot. In 2012, the spider alpha-diversity increased, and the difference between the burnt and unburnt plots diminished.
The DCA showed that spider assemblages were clearly grouped according to the sampling year along Axis 1 (Figure 10) . There was nearly no difference between the control plots along this axis. Along Axis 2, annual difference between spider assemblages was lowest at control-1. On both axes, the burnt plot was closer to control-2.
Discussion
During the two post-fire years, a total of 109 beetle and 29 spider species were recorded from the burnt feather-grass--forb steppe at the Morozova Gora, 114 beetle and 34 spider species from the unburnt plot with the same steppe type at the Galich'ya Gora, and 154 beetle and 43 spider species from the unburnt shrub steppe. Despite the fire, beetle species richness differed insignificantly in the first and second post-fire years at both the feather-grass plots, and almost doubled at the shrub steppe plot. During the sampling period, beetle and spider numbers were lowest at the unburnt feather-grass plot, especially in the second post-fire year. At the other two plots, the groups' annual dynamics were the opposite, with a marked increase in beetle abundance and a decrease in spider abundance.
No pyrophilous beetle species were recorded from the steppe plot. The only species associated with the fire sites, Pterostichus quadrifoveolatus Letz. (Carabidae), was recorded in 2011-2012 from the adjacent oak forest (M. Tsurikov, personal data). Ophonus azureus may be considered a facultatively pyrophilous species, as it was reported to be abundant at a newly burnt steppe (Prishutova & Arzanov 2004 , Savchenko 2009 . Xerophilous species attracted by the drier conditions are known to increase in number after a fire (Nemkov & Sapiga 2010) . In our case, only Crypticus quisquilius was particularly numerous in the second post-fire year and Harpalus anxius was recorded mainly from the burnt plot. One of the dominants, Opatrum sabulosum, did not vary much in numbers. Its indifference to the fire event was also observed in the dry bunchgrass steppes (Prishutova & Arzanov 2004) . Other species that were dominant in these dry steppes (Poecilus sericeus, Eodorcadion carinatum F., Tentiria nomas (Pall.)) were more sensitive to the plant associations than to fire.
Among the spiders, four xerophilous species (Steatoda albomaculata, Alopecosa taeniopus, Aelurillus v-insignitus, Zelotes longipes)
were only recorded from the burnt steppe. Six species that were recorded from the unburnt steppe (Atypus muralis, Alopecosa pulverulenta, A. sulzeri, Agroeca cupea, A. lutescens, Zelotes electus) were not found at the burnt steppe plot. Nevertheless, they occurred in the other habitats of the Morozova Gora, such as burnt forest edges or limestone slopes, so they cannot be considered to respond negatively to fire.
The same beetle species dominated the burnt and unburnt plots, except Silpha obscura, which preferred the unburnt shrub steppe. The majority of these species are mesophilous generalists, widely distributed in moderately dry grasslands. The fire did not greatly affect the trophic guild structure of the beetle assemblages, though the phytophagous proportion was 10% lower at the burnt plot, and the necrophagous proportion was higher at the unburnt shrub plot.
The main dominant spider species at the burnt plot in the first post-fire year, Xerolycosa miniata, has been defined as an indicator of disturbed grassland ecosystems in the forest-steppe and steppe zones (Polchaninova 2015) . The second dominant, Alopecosa trabalis, is one of the common species of the forest edge and grassy habitats and it was numerous at all the studied plots. In the second year, the difference between dominant spider complexes remained pronounced in April-May, due to the predominance of another generalist grassland species, A. accentuata, and low numbers of the mesophilous species, A. cuneata, at the burnt plot. Later in the summer, in contrast to the previous year, all the steppe plots were dominated by juvenile lycosids. This may be explained by the extremely hot spring that resulted in the unusually early completion of the spider life-cycle and emergence of the new generation.
Regionally common generalist and/or xerophilous species dominate burnt steppes in the first post-fire year. For example, juvenile lycosids, gnaphosids, adult Alopecosa accentuata and Xerolycosa miniata, dominated another burnt site of the "Galich'ya Gora" Reserve, a gully with the feather-grass -forb steppe vegetation (Tsurikov & Polchaninova 2015) . The generalist Trochosa terricola was a prevailing dominant in the northern forb-bunchgrass steppe (Polchaninova 2015) , juvenile lycosids and adult A. solitaria, T. ruricola and Eresus kollari, which are all xerophilous, comprised the dominant complex in the southern forb-bunchgrass steppes (Prokopenko & Savchenko 2013) .
The responses of spider and beetle assemblages to the fire event at the study site were different. The total species richness of beetles and spiders was lowest at the burnt 15/2 • 2016, 113-132 N. Polchaninova, M. Tsurikov, A. Atemasov Effect of summer fire on cursorial spider (Aranei) and beetle (Coleoptera) assemblages in meadow steppes of Central European Russia plot but during the summer 2012, the species richness decreased in spider assemblages and increased in beetle assemblages. The dominant beetle complexes differed less than the spider ones. The alpha-diversity of beetle assemblages was similar at the three plots during the first year and decreased slightly at the burnt plot in the second year. In contrast, spider alpha-diversity was lowest at the burnt plot during the first year and increased in the second year. In 2012, the beetle activity density increased at the burnt plot and control-2, while that of the spiders decreased. In their seasonal dynamics, both assemblages had a peak of abundance in April-May 2012, but spiders had another, lower one in May-June 2011. Nearly all the traits of spider and beetle assemblages at the study sites were contrasting. The common features of the two groups include maximal species richness in the unburnt shrub steppe, minimal activity density in the unburnt feathergrass -forb steppe, and the most pronounced annual differences at the burnt plot and unburnt shrub steppe plot.
Due to the east-facing position and higher temperature conditions at the Galich'ya Gora site, its feather-grassforb plot is drier than that at the Morozova Gora. This results in the earlier development and lower activity density of both arthropod groups at this plot (Tsurikov 2005) , and explains the resemblance of spider assemblage traits at the burnt steppe at Morozova Gora and unburnt shrub steppe at the Galich'ya Gora.
Other studies have also reported differences in the post-fire recovery of spider and beetle assemblages. At the "Bykova Sheya" site (Lipetsk Region, Russia), species richness and activity density in the second post-fire year increased in beetle assemblages but remained at the same level in the spider assemblages (Tsurikov & Polchaninova 2015) . In a sandy forest-steppe habitat in Hungary, fire resulted in a threefold increase in carabid beetle numbers, higher ratio of pioneer species and a simplified assemblage structure. In contrast, for the spider assemblage the changes in species composition and abundance were not significant (Samu et al. 2010 ). In the dry bunchgrass steppe (Rostov-on-Don Region, Russia), the response of spiders to burning consisted of a small decrease in species richness and abundance, while the number of beetle species and individuals increased markedly at the fire site (Prishutova & Arzanov 2004) . In the forb-bunchgrass steppe (Donetsk Region, Ukraine), the number of beetles just after a spring fire was much higher at the burnt plot, after which the number gradually diminished but still remained higher over the next year (Savchenko 2009 ). Spider assemblages during the same year were richer in species composition and poorer in number of individuals at the burnt site. In the second year, the difference in species richness disappeared but the difference in number of individuals persisted at the previous level (Prokopenko & Savchenko 2013) .
These studies reported the recovery of arthropod assemblages after patchy small-scale spring fires. In general, changes in the abundance and/or diversity of various taxa were more or less significant only in the first post-fire year, after which the assemblage returned to its previous state. Late-autumn patchy fires also had no significant effects on epigeic arthropods (Valkó et al. 2016) .
Previous research has shown that in cases of large-scale summer fires, spider and beetle assemblages change dramatically and do not recover in a three or even five-year period (Nemkov & Sapiga 2010 , Polchaninova 2015 . The impact of fire resulted in altered species composition, numbers of individuals and proportions of trophic and ecological groups. In contrast, our investigation has shown that the post-fire recovery of arthropod assemblages at the Morozova Gora site was similar to that in the case of a small-scale spring burning (Savchenko 2009 , Prokopenko & Savchenko 2013 . In both cases, annual changes in species composition and numbers were more pronounced than differences between the burnt and unburnt plots. The studied burnt steppe plot at the Morozova Gora occupied only 10 ha and it was located at the edge of a large area of burnt agricultural land. There were patches of undisturbed meadow, forest-edge and steppe vegetation remaining in the immediate vicinity of the fire site. All these factors facilitated post-fire colonization by epigeic arthropods and mitigated the impact of the fire.
It should be emphasized that in all the above-mentioned cases, and indeed in most studies of post-fire recovery of invertebrate assemblages, the material is collected by pitfall-trapping. This method accounts for mobile animals with a high dispersal capacity. They depend on vegetation structure and relief conditions but do not require litter in their microhabitat. Therefore, they are the first to colonize the fire sites, use them as a temporary habitat for feeding, or simply migrate through these habitats. There is significantly less data on the responses of litter-dependent invertebrates, and such studies highlight the duration and difficulty of assemblage recovery (Panzer 2002 , Baratt et al. 2009 , Polchaninova 2015 .
Conclusions
Our case study has shown that a large-scale summer fire caused no profound changes in the cursorial spider and beetle assemblages. High dispersal capacity of these arthropod groups, the small area of the investigated steppe plot and its location at the edge of the fire site mitigated the severity of the fire's effects. 
